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‘ON’iHE EFFECTS or HxGH-yiiLD NUCLEAR tiPiosIoNs”

I ------------------------------------------------------

1, CONSIDERABLE INFORMATION ON THE EFFECTS OF THE EXPLOSIONS OF

ATOMIC UEAPONS HAs BEEN MADE PUBLIC BY THE GOVERNMENT SINCE THE

FIRST NUCLEAR DETONATIONS IN 1945 PD THE HANDBOOK C19A‘THE EFFECTS

OF ATOMIC WEAPONS= CMA PUBLISHED IN 1950 CMA IS BEING R!OJISEDAND

BROUGHT UP TO DATi TO INCLUDE THE EFFECTS OF THERMONUCLEAR WEAPONS

CMA AS A RESULT OF THE MOST RECENT TESTS AT THE PACIFIC PROVING

CROUNDS PI)REFERENCES TO THE EFFECTS OF THERMONUCLEAR EXPLOSIONS

HAVE BEEN MADE IN SEVERAL OFFICIAL STATEMENTS CMA BEGINNING WITH

CHAIRMAN STRAUSS” DESCRIPTION OF THE PHENOMENON OF ‘FALL-OUT- AT

A WHITE HOUSE CONFERENCE ON MARCH 31 CMA 1954 PD THE FOLLOWING

STATEMENT IS DEsIGNED TO CONDENSE AND CORRELATE INFORMATION CMA SOME

OF UHXCH ALREADY HAs BEEN MADE PUBLIC AND OTHER PORTIONS OF UHICH

HAVE BEEN OF A CLASSIFIED NATURE UNTIL NOW PD

2. THE EFFECTS OF NUCLEAR TESTS ARE EvALUATED FOR CIVIL DEFENSE

PLANNING AS WELL AS FOR ?lILITARYAND TECHNOLOGICAL PURPOSES PD SO

LONG AS NUCLEAR WEAPONS ARE IN POSSESSION OF ANY UNFRIENDLY POWER

CMA THE COMMISSION BELIEVES THE AMERICAN PUBLIC WILL WISH TO BE

AS FULLY INFORMED AS POSSIBLE AS TO THE NATURE AND EXTENT OF THE

DANGERS OF NUCLEAR ATTACK AND OF THE PROTECTIVE KEASURZS THAT CAN

BE TAKEN BY INDIVIDUALS AND COMMUNITIES TO AVOID OR MINIMIZE

THOSE DANGERS IF WE SHOULD BE ATTACKED PD”

3. TEST CONDITIONS CMA WHICH MUST NECESSARILY FORM THE PRICIPAL

BASIS OF EVALUATING THE EFFECTS OF NUCLEAR ExPLOSIONS CMA MAY DIFFER

fIIARKZDLYFROM THOSE WHICH JIIXGHTBE ExPECTED IF NUCLEAR WEAPONS

WIRE USED AGAINST OUR POPULATION
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PAGE 2

IN WARTIME PD IT WOULD BE DIFFICULT TO PREDICT THE SIZE OR

1’
—.

KIND OF BOMB AN

THE EXACT MEANS

EXPLODED CMA OR

PD NEVERTHELESS

AT THIS TIME PD

ENEMY MIGHT USE AGAINST US IN EVENT OF UAR CMA

OF ITS DELIVERY CMA THE HEIGHT AT WHICH IT WOULD BE

THE NUMBER OF BOMBS WHICH MIGHT REACH A GIVEN TARGET

CMA THE FACTS TO FOLLOW AIW THE FUNDAMENTAL ONES

, FOUR EFFECTS OF DETONATION

-----------------------------

4. A NUCLEAR DETONATION PRODUCES FOUR MAJOR CHARACTERISTICS--

BLAST CMA HEAT CMA IMMEDIATE NUCLEAR RADIATION CMA AND RESIDUAL

RADIOACTIVITY PD OF THESE CMA THE FIRST THREE ARE ESSENTIALLY

INSTANEOUS CMA WHILE THE FOURTH HAS A MORE PROTRACTED EFFECT PD THE

PHENOMENA OF BLAST CMA HEAT CMA AND NUCLEAR RADIATION FROM THE

DETONATION OF A THERMONUCLEAR BOMB ARE OF THE SAME NATURE AS THOSE

OF ‘EARLIERAND SMALLER ATOMIC BOMBS PD THE NATURE OF THE PHENOMENA

1S CMA IN GENERAL TERMS CMA STANDARDIZED WHETHER THE BOMB BE A 20 000-

ToN /TNT EQUIVALENT/ ATOMIC WEAPON OR

TIMES THAT POWER PD THE INTENSITY AND

CMA AND NUCLEAR RADIATION INCREASE IN

YIELD OF THE EXPLOSION PD INFORMATION

SIVELY PUBLICIZED SMCLN THEREFORE CMA

A THERMONUCLEAR ONE OF MANY

AREA OF THE BLAST CMA HEAT

RELATION TO THE GREATER ENERGY

ON THESE EFFECTS HAS BEEN EXTEN-

THE REMAINDER OF THIS REPORT

DEALS PRINCIPALLY UITH EFFECTS OTHER THAN HEAT AND BLAST PD NYoO

5, RESIDUAL RADIOACTIVITY CMA ALTHOUGH IN NO SENSE EXCLUSIVE

TO HIGH-YIELD THERMONUCLEAR DETONATIONS CMA DOES BECOME A MATTER

OF MAJOR CONCERN MHEN A LARGE THERMONUCLEAR DEVISE OF THE TYPE USED

IN THE 1954 TESTS IN THE PACIFIC IS EXPLODED PD THE FALLOUT OF

RADIOACTIVITY FROM SUCH AN EXPLOSION CMA MAY CMA UNDER CERTAIN

CO}:DITIONSCMA SETTLE OVER WIDE AREAS PD THEREFORE CMA THE EXTENT

CF!D!7~ur9~TyOF THIS RADIOACTIVE FALLOUT HAS BEEN A SUBJECT OF

x%.
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i
I CONTINUING STUDY SINCE THE FIRST FULL-SCALE THERMONUCLEAR TESTS

AT THE PACIFIC PROVING GROUNDS OIJNOVEMBER 1 CMA 1952 PD THE RESULTS

OF THESE STUDIES AND OF OUR EVALUATION OF DATA OBTAINED FROM THE

LATEST TESTS IN THE PACIFIC IN MARCH CMA 1954 CMA ARE DESCIBED IN

SUBSEQUENT PARTS OF THIS REPORT PD

6. IT SHOULD BE NOTED THAT IF WE HAD NOT CONDUCTED THE FULL-SCALE

THERMONUCLEAR TESTS M~NTIoNED ABovE cMA WE wouLD HAvE BEEN IN

IGNORANCE OF THE EXTENT OF THE ~FFEcTs OF RADIOACTIVE ~ALLOA Am

CMA THEREFORE CMA WE WOULD HAVE BEEN MUCH MORE VULNERABLE TO THE

DA!iGERsFROM FALLOUT IN THE EVENT AN ENEMY SHOULD RESORT TO RADIO-

LOGICAL WhRFAR1 AGAINST US PD

END OF PAGE 2 REPORT

PAGE 3

BLlt3TAND HEAT EFFECTS -

-------- -------- ---------------

7 THE EFFECTS OF BLAST AND HEAT FROM A NUCLEAR ExPLOSION

ARE RELATIVELY LOCALIZED PD ONE A-BOMB OF THE EARLIEST TYPE

EQUIVALENT TO 20 000 TONS OF TNT /20 KILOTONS/ WOULD PRODUCE

ELAST SUFFICIENT TO DESTROY OR DAMAGE SEVERELY RESIDENCES WITHIN A

RADIUS OF MORE THAN ONE MILE FROM THE POINT OF BURST PD WITHIN A

RADIUS OF ABOUT A MILE AND A HALF CMA RESIDENCES WOULD BE SO DAMAGED

AS TO BE UNUSABLE WITHOUT REPAIRS PD A PRINCIPAL HAZARD TO HUMAN

BEI~~GSWOULD COME FROM FLYING AND FALLING DEBRIS AND FROM FIRES

DUE TO SUCH CAUSES AS BROKEN GAS AF:DELECTRIC LINES OR OVERTURN~D

I

--l
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I ‘-- “-STOVES PD THE AREA IN uHICH INJURIES TO HUMAN BEINGS WOULD BE CAUSED
I

BY BLAST CMA THERFOR1 CMA VOLR.DBE ABOUT THE SAME AS THE AREA OF —

DAMAGE TO STRUCTURES PD

8. THE UNITED sTATES CMA AS ANNOUNCED PREVIOUSLY CMA HAS

DEVELOPED FISSION BOMBS MANY TIMES AS POWERFUL AS THE FIRST A-BOMBS

CMA AND HYDROGEN VEAPONS IN THE RANGES OF MILLIONS OF TONS /MEGATONS/

OF TNT EQUIVALENT PD FOR THESE LARGER WEAPONS CMA THE BLAST EFFECTS

CAN BE CALCULATED APPROXIMATELY BY MEANS OF A SCALING LAW CMA NAMELY CMA

THE DISTANCE AT WHICH A GIVEN BLAST INTENSITY IS PRODUCED VARIES

AS THE CUBE ROOTS OF THE YIELDS OF THE EXPLOS1ONS PD

9. SIMILARLY CMA THE HEAT AND BURN EFFECTS OF NUCLEAR EXPLOSIONS

CAN BE EsTIMATED FROM ACCUMULATED DATA PD THESE EFFECTS CMA AXX OF

COURSE CMA ARE INFLUENCED BY PREVAILING ATMOSPHERIC CONDITIONS PD

THE TIME ELEMENT ALSO IS A PRIME FACTOR PD VERY LARGE VEAPONS DELIVER

HEAT OVER AN APPRECIABLY GREATER PERIOD OF TIME THAN SMALLER VEAPONS

PD A GIVEN QUANTITY OF HEAT FROM A HIGH-YIELD UEAPON CMA DELIVERED OVER

A LONGER

THEN THE

10*

AFFECTED

R ALMOST

PERIOD OF TIME C14AVILL PRODUCE SO!fEWHATLESS SEVERE BURNS

SAME QUANTITY OF HEAT FROM A NOMINAL DETONATION PD

PROTECTION AGAINST BLAST AND HEAT

--.----------------------------------

THE HAZARD FROM BOTH BURN AND BLAST EFFECTS IN THE OUTER

AREAS UOULD BE REDUCED GREATLY BY SHELTER PD CLOTHING

ANY KIND OF SHELTER VOULD REDUCE THE DANGER OF DIRECT

. BURNS CMA ALTHOUGHT THERE MIGHT BE SOME DANGER OF CLOTHING AND

STRUCTURE BECOMING IGNITED PD ALSO CMA SHELTER VOULD MATERIALLY

REDUCE THE HAZARD OF BLAST INJURY BY AFFORDING PROTECTION AGAINST

FLYING OR FALLING DEBRIS PD THE FEDERAL CIVIL DEFENSE ADMINISTRATION

HAS MADE EXTENSIVE STUDIES OF SHELTERS AND HAS ISSUED PLANS FOR

SEVERAL SIMPLE

ccc

END

UNDER 10 LINE 3 GR

OF PAGE 3 REPORT
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PAGE 4

AND INEXPENSIVE TYPES VHICH CAN BE UTILIZED BY HOUSEHOLDERS PD

AS IS GENERALLY KNOWN CMA THE SHELTER AFFORDED BY ORDINARY CITY

BUILDINGS UOULD NOT SUFFICE WITHIN THE CENTRAL AREA SURROUNDING THE

POINT OF BURST OF A LARGER NUCLEAR WEAPON PD FOR THIS REASON CMA THE

FEDERAL CIVIL DEFENSE ADMINISTRATION RECOMMENDS EVACUATION OF THE

CENTRAL AREAs OF TARGET ZONES ON EARLY WARNING OF APPROACHING ATTACK PD

RADIATION EFFECTS

---------------------

11* THE IMMEDIATE NUCLEAR RADIATION CMA I E CMA THE NEUTRONS

AND GAMMA RAYS RELEASED INSTAN1OUSLY WITH THE EXPLOSION OF A LARGER

WEAPON ON OR NEAR THE GROUND CMA DOES NOT PRESENT A SERIOUS HAZARD

BEYOND THE AREA WHERE HEAT AND

FALLOUT RADIATION

-------------------

120 HOWEVER CMA PARTICLES

BY A DETONATION IAS OPPOSED TO

MAY FALL OUT OVER AN AREA MUCH

AND HEAT CMA AND OVER A LONGER

BALST ARE OF GREAT CONCERN PD

. NYOO

WITH RESIDUAL RADIOACTIVITY PRODUCED

THE IMMEDIATE NUCLEAR RADIATION/

LARGER THAN THAT AFFECTED BY BLkT

PERIOD OF TIME PD ALL NUCLEAR DETONA-

TIONS PRODUCE RADIOACTIVE MATERIALS CMA BUT THE NATURE AND EXTENT

OF THE RADIOACTIVE FALLOUT DEPENDS ON THE COt4DITIONSUNDER UHICH THE

BOKE IS FIRED PD THE MAIN RADIOACTIVITY OF A BOMB-S FALLOUT DECREASES

vERY RAPIDLY UITH TIME-- FOR THE MOST PART CMA WITHIN THE FIRST

HOURS AFTER THE DETONATION PD

FALLOUT FROM IN-THE-AIR DETONATIONS

---------------------------------- -J
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13. IN AN IN-THE ‘AIR EXPLOSIONS WHERE THE FIREBALL DOES NOT
1

TOUCH THE EARTH*S SURFACE CMA THE RADIOACTIVITY PRODUCED IN THE BOMB _

CONDENSES ONLY ON SOLID PARTICLES FROM THE BOMB CASING ITSELF AND THE

DUST WHICH HAPPENS TO BE IN THE AIR PD IN THE ABSENCE OF MATERIAL DRAWNB

FROM THE SURFACE CMA THESE SUBSTANCES WILL CONDENSE UITH THE VAPORS

FROM THE BOMB AND AIR DUST TO FORM ONLY THE SMALLEST PARTICLES PD

THESE MINUTE SUBSTANCES MAY SETTLE TO THE SURFACE OVER A VERY

WIDE AREA -- PROBABLY SPREADING AROUND THE WORLD-- OVER A PERIOD OF

DAYS CMA OR EVEN MONTHS PD BUT THEY DESCEN EXTREMELY SLOWLY WITH THE

RESULT THAT CMA BY THE TIME THEY HAVE REACHED THE EARTHgS SURFACE

CNA THE’MAJOR PART OF THEIR

END PAGE 4 REPORT

CORRECTIONS STH LINE FROM BOTTOM LAST WORD SHLD BE UP RPT UP

THIRD LINE FROM BOTTOM 9 TH WORD SHLD BE DESCEND RPT SESCENDXXX DESCEND

PAGE 5

RADIOACTIVITY HAS BEEN DISSIPATED HARMLESSLY IN THE ATMOSPHERE CMA AND

THE RESIDUAL CONTAMINATION IS WIDELY DISPERSED PD

FALLOUT FROM SURFACE DETONATIONS ‘- NYOO
---------------------------------------------

14. IF CMA HOWEVER CMA THE WEAPON IS DETOt/ATEDON THE SURFACE

OR CLOSE ENOUGH SO THAT THE FIREBALL TOUCHES THE SURFACE CMA THEN

LARGE AMOUNTS OF MATERIAL WILL BE DRAWN UP INTO THE BOMB CLOUD PD

MANY OF THE PARTICLES THUS FORMED ARE HEAVY ENOUGH TO DESCENT RAPIDLY

WHILE STILL INTENSELY RADIOACTIVE PD THE RESULT IS A COMPARATIVELY



I LocALIz~ AREA OF ~TREME RADIOACTIVECONTAMINATION AND A MUCH LARGER

AREA OF SOME HA2ARD PD INSTEAD OF WAFTING DOWN SLOWLY OVER A VAST

AREA CMA THE LARGER AND HEAVIER PARTICLES FALL RAPIDLY BEFORE THERE

HAS BEEN AN OPPORTUNITY FOR THEM TO DECAY HARMLESSLY IN THE ATMOSPHERE

AND BEFORE THE WINDS HAVE HAD AN OPPORTUNITY TO SCATTER THEM PD

15. THE AREA OF HAZARD FROM RADIOACTIVE FALLOUT FROM A SURFACE

OR NEAR-SURFACE EXPLOSION OF A THERMONUCLEAR WEAPON IS MUCH LARGER

THAN THE AREAS SERIOUSLY AFFECTED BY HEAT AND BLAsT PD THE LARGE

RADIOACTIVE CLOUD OF A THERMONUCLEAR ExPLOSION RISES WITH GREAT

RAPIDITY TO THE HIGHEST LEVELS OF THE ATMOSPHERE AND SPREADS

OVER HUNDREDS OF SQUARE MILES IN THE FIRST HOURS PD DURING THIS TIME

THE VINDS TOSS THE EXTREMELY RADIOACTIVE PARTICLES ABOUT AND THE

PATTERN OF’THE

RADIOACTIVE FALLOUT IS DETERMINED BY THE SIZE OF THE PARTICLES AND

BY THE DIRECTION AND VELOCITIES OF THE WINDS CMA INCLUDING THOSE UP

TO 80 000 FEET AND ABOVE PD THE NATURE OF THE SURFACE OF THE EARTH ON

WHICH THE BOMB IS FIRED ALSO MUST BE TAKEN INTO CONSIDERATION DP

BECAUSE OF THESE VARIABLES CMA IT IS IMPOSSIBLE TO APPLY A SINGLE FALL-

OUT PATTERN TO ALL THERMONUCLEAR DETONATIONS CMA EVEN TEST EXPLOSIONS

CONDUCTED UNDER SELECTED CONDITIONS PD HOWEVER CMA WITH ADEQUATE

HNOk’LEDGEOF ATMOSPHERIC CONDITIONS CMA INCLUDING WIND DIRECTIONS

AND VELOCITIES UP TO HIGH LEVELS AND METEOROLOGICAL REPORTS CMA THE

FALLOUT REGION FOR ANY DETONATION USUALLY CAN BE PREDICATED WITH

CONSIDERABLE ACCURACY PD IN GENERAL TERF’JSCMA THE REGION OF SEVERE

FALLOUT CONTAMINATION FRON THE DETONATION OF A THERMONUCLEAR WEAPON

FIRED ON OR NEAR THE SURFACE CAN BE DESCRIBED AS AN ELONGATED C16A

CIGAR-SHAPED AREA EXTENDING DOWN-WIND FROM THE POINT OF BURST PD

.

END OF PAGE 5
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FALLOUI’PATTERt:OF 1954 TEST IN THE PACIFIC
.-------------------e-----------------------.------

16*THE VERY LARGE THERMOt!UCLEARDEVICE FIRED AT THE EIKI}.I

ATOLL Oh MARCH 1 C)(A1954 CMA WAS ExPLODED OtiA CORAL ISLAND CRA

CORAL CORSISTS Or CALCIUM CARBONATE CMA THUS THE DETONATION RADIO-

ACTIVITY WAS SPREAD BY PARTICLES CONSISTING LARGELY OF UNSLAKED

LINE WHICH CKA DURING THE HOURS OF DESCENT CMA WAS SLAKED BY MOISTURE

IN THE ATMOSPHERE PD THESE PARTICLES RANGED BITWEEN l/1000TH AND

l/5C$THoF AN INCH IN DIAMETER AND WERE CMA ON THE AVERAGE CMA SOMEWHAT

P.iIHESIVEPD THE PREVAILING WERE WESTERLY SO THE BOME CLOUD

MOVED GENERALLY TO THE EAST AND DEPOSITED THE RADIOACTIVE PARTICLES

IN VARYING AMOUNTS OVER AN ELLIPTICAL OR CIGAR-SHAPED AREA PD ABOUT 160

/STATUE/ MILES DOWN-WIND FROM THE POINT OF BURST THE EARLY FALLOUT

tiAsOBSiRVED IN THE FORM OF FINE PARTICLES WHICH LOOKED LIKE SNOW

PD FALLOUT BEGAN THERE AEOUT EIGHT HOURS AFTER THE DETONATION AND

COi:TINUEDFOR SEVERAL HOURS PD ‘-
NYO@

170 THE ROENTGEN IS THE COMMONLY ACCEPTED UNIT OF MEASUREMENT OF

RADIATION DOSAGE PD A DOSE OF AEOUT 25 ROENTGENS OF RADIO-

ACTIVITY RECEIVED BY A PERSON OVER A BRIEF SPACE OF TIKE WILL

PRODUCE TEMPORARY CHANGES IN THE BLOOD PD A DOSE OF SOME 100

ROENTGENS RECEIVED IN A SHORT INTERVAL MAY PRODUCE NAUSEA AND OTHER

SYMPTOMS OF RADIATION SICKNESS PD AEOUT 450 ROENTGENS DELIVERED OVER

A DAY OR SO MIGHT EE FATAL TO APPROXIMATELY HALF OF THE PERSONS SO

ExPOSED PD HOWEVER CMA BECAUSE OF THE BODY-S REPAIR PROCESSES CMA

A TOTAL RADIATION DOSE VHICH WOULD E?ESERIOUS IF INCURRED IN A FEW

ttINUTESWOULD PRODUCE MUCH LESS EFFECT IF SPREAD OVER A PERIOD OF YEARS

PD THESE STATEME!:TSNAY EE HELPFUL Ih UEI)ERSTANDIN’GTHE DATA VHICH

FoLLOU PD

- -- ..-1



1S. THE TEST EXPLOSION CfIAAT GROUND SURFAcE CMA CONTAMINATED A
I
CIGAR-SHAPED AREA EXTENDING APPROXIMATELY 220

STATUE MILES DOVN+’I}lDAND VARYING IN WIDTH UP TO 40 MILES PD IN

ADDITION CMA THERE VAS A CONTAMINATED AREA UP-WIND AND CROSS-WIND EX-

TENDING POSSIBLY 20 MILES FROM THE POINT OF DETONATION PD DATA WAS

COLLECTED FROM 25 POINTS ON 5 ATOLLS LOCATED FROM 10 TO 330 MILES

DOWN-WIND /GENICRALLYEAST/ FROM BIKINI ATOLL PD DUE TO AN UNEXPECTED

SHIFT IN THE DIRECTION OF THE PREVAILING WINDS IN THE HIGHER

ALTITUDES CMA THE FALLOUT HISSED THE OBSERVATION RAFTS THAT HAD

BEEN PLACED FARTHER NORTH PREvIOUS TO THE TEST FIRING PD THE ESTIMATED

CONTOUR OF THE PATTERN OF FALLOUT IS Ct4ATHEREFORE CMA BASED ONLY

IN PART ON DATA OBTAINED FROM ACTUAL MEASUREMENTS AND PARTLY ON

EXTRAPOLATION CtfAI E CMA CALCULATIONS BASED ON KNOWN DATA CMA

INCLUDING FACTUAL INFORMATION OBTAINED DURING PREVIOUS TESTS OF SMALLER

DEVICES PD

END OF PAGE 6

19. DATA FROM THIS TEST PERMITS ESTIMATES OF CASUALTIES

WHICHWOULD HAVE BEEN SIJFFERED WITHIN THIs CfjNTAf.flNAT~D AREA

IF IT HAD BEEN POPULATED PD THESE ESTIMATES ASSUME CLN /1/ THAT

THE PEOPLE ItiTHE AREA WOULD IGNORE EVEN THE MOST ELENENT)LRY

PRECAIJATIONSSEMICLN /2/ THAT THEY WOULD NOT TAKE SHELTER BUT

WOULD REMAIN OUT OF DOORS COMPLETELY EXPOSED FOR ABOUT 36

HOURS SE@lICLNAND /3/ THAT IN CONSEQUENCE THEY WOULD RECEIVE THE

MAXIMUMEXPOSURE PD THEREFORE cfIAIT UILL BE RECOGNIZED THAT

THE ESTIMATES WHICH FOLLOW ARE WHAT RIGHT EE TERMED EXTREME

ESTIMATES SINCE THEY ASSUME THE WORST POSSI13LECONDITIOrJSPD

~you

20. ON THE BASIS OF OUR DATA FROM THIS AND OTHER TESTS CMA
PAGE 7
IT IS ESTIMATED THAT CMA FOLLOVIh’GTHE TEST EXPLOSIO1{ON 15ARCt!1

CK1,1954 THERE WAS SUFIICIE1:TRADIOACTIVITY IN A DOWIJ-UINDBELT

1.

---J
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ABOUT 140 MILES IN LENGTH AND OF VARYING WIDTH UP TO 20 MILES TO

HAVE SERIOUSLY THREATENED THE LIVES OF NEARLY ALL PERSONS IN THE

AREfIWHO DID NOT TAKE PROTECTIVE MEASURES PD DURING THE ACTUAL

TEsTs CFiA OF COURSE CMATHERE WERE NO PEOPLE IN THIS ZONE PD INSIDE

BIKINI ATOLL AT A POINT 10 MILES DOWN-WIND FROMTHE ZXPLOSION IT

IS ESTIMATED THAT THE RADIATION DOSAGE WAS ABOUT 5000 ROENTGENS

FOR THE FIRST 36 HOUR PERIOD AFTER THE FALLOUT PD THE HIGHEST

RADIATION I’IIASUREMINTOUTSIDE OF BIKINI ATOLL INDICATED A DOSAGE

OF 2300 ROENTGEN5 FOR THE SAME PERIOD PD THIS WAS IN THE NORTHWESTERN

PART OF THE RONGELAP ATOLL CMA ABOUT 100 MILES FROM THE POINT OF

DETONATION PD ADDITIONAL MEASUREMENTS IN RONCELAP ATOLL INDICATED

DOSAGES CMA FOR THE FIRST 36 HOUR PERIOD CMA OF 2000 ROENTGINS AT 110
#

KILLS CMA 1000 ROINTGENS AT 125 MILES CMA AND CMA FARTHER SOUTH

CMA ONLY 150 ROENTGENS AT 115 MILES FROM BIKINI PD

21. SOME DISTANCE FARTHER FROM THE POINT OF DETONATION CMA

AT ABOUT 160 MILES DOWN-WIND AND ALONG THE AXIS OF THE ELLIPSE

CMA THE AMOUNTOF RADIOACTIVITY WOULDHAVE SERIOUSLY THREATENED

THE LIVES OF ABOUT ONE-HALF OF THE PERSONS IN THE AREA WHO FAILED

TO TAKE PROTECTIV1 MEASURES PD IT IS ESTIMATED THAT THE RADIATION

DOSAGE AT THAT POINT WAS ABOUT 500 ROENTGENS FOR THE FIRST 36

HOUR PERIOD PD

NYOQ

22. NEAR THE OUTER EDGE OF THE CIGAR-SHAPED AREA CMA OR

APPROXIMATELY190 MILES DOWN-WIND CMA IT IS ESTIMATED THAT THE

LEVEL OF RADIOACTIVITY WOULD HAVZ BEEN SUFFICIENT TO HAVE SERIOUSLY

THREATENED THE LIVES OF 5 TO 10 PERCENT OF ANY PERSONS WHO MIGHT

HAVE REMAINED EXPOSED OUT OF DOORS FOR THE FIRST 36 HOURS PD

I

—.

lK TEIS AREP. THE RADIATION DOSAGE IS ESTIMATED AT ABOUT 300

ROIII:TGENSFOR TH1 FIRsT 36 HOUR PERIOD PD
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I END PAGE 7

PAGE 8

23.

WIND FROM

THUS CMA ABOUT 7000 SQUARE MILES OF TERRITORY DOWN-

THE POINT OF BURST WAS SO CONTAMINATED THAT SURVIVAL

MIGHT HAVE DEPENDED UPON PROMPT EVACUATION OF THE AREA OR UPON

TAKING SHELTER AND OTHIR PROTECTIVE MEASURES PD

#

24. AT A DISTANCE OF 220 MILES OR MOREDOWN-WIND CMA IT IS

UNLIKELY THAT ANY DEATHS UOULD HAVZ OCCURRED FROM RADIOACTIVITY

EVEN IF PERSONS THER1 HAD REMAINED EXPOSED UP TO 4S HOURS AND HAD

TAKEN NO SAFETY MEAsuRES PD

25. THE ESTIMATES CITED ABOVE DO NOT APPLY UNIFORMLY THROUGH-

OUT THE CONTAMINATEDAREA INASMUCH AS THE INTENSITY OF

RADIOACTIVITY WITHIN A REGION OF HEAVY FALLOUT WILL VARY FROM

PIONT TO POINT DU1 TO SUCH FACTORS AS AIR CURRENTS CMA RAIN CMA

SNOW CMA AND OTHER ATMOSPHERIC CONDITIONS PD BECAUSE OF THIS

AND BECAUSE t’10ST PERSONS CMA IF GIVEti SUFFICIENT WARNING CMA

PROBABLY WOULDEVACUATE THE AREA OR TAKE.SHELTER AND OTHER

PRECAUTIONARY MEASURES CMA THE ACTUAL PERCENTAGE OF DEATHS COULD

REASONABLY 6E PRESUMED TO

EXTREME ESTIf4ATES PD

PROTECTION

BE CONSIDERABLY SMALLER THAN THESE

AGAINST FALLOUT
NYoCI

26, IN AP: AREA OF HEAVY FALLOUT THE GREATEST RADIOLOGICAL

HAZARD IS THAT OF ExPOslJRE To ExTER~JAL RADIATION pD sIXpL~ pR~-

CP.UTIOt;f.RY MEASURES CN; GREATLY REDUCE THE HAZARD To LIFE pD ExposuRE

CfiN p~ RIDLJCEI EY T}.KI!\G sHELTER AI;D Ey UTILIZING sINpLE DEco]~-
---J
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TAEINATION MIASUh-. UNTIL SUCH TIMES AS PERSONS CAN L!ZAVL THE I
AREA PD TEsT DATA INDICATE THAT THE RADIATION LEVEL CMA I E CMA THE _ .

RATE OF EXPOSURE CMA INDOORS ON THE FIRST FLOOR OF AN ORDINARY

FRAItE HOUSE IN A FALLOUT AREA WOULDBE ABOUT ONE-HALF THE LEvEL

OUT OF DOORS PD EvE): GREATER PROTECTION WOULDBE AFFORDED BY A

BRICK OR STONE HOUSE PD TAKING SHELTER Ih’THE BASEMENT OF AN

AVERAGEREsIDENCE WOULDREDUCE THE RADIATION LEvEL TO ABOUT

OtJ1-TENTH THAT EXPERIENCED OUT OF DOORS PD SHELTER IN Ati 0LD-FA5H10NED

CYCLONECELLAR CMA WITH A COVERING OF EARTH THREE FEET THICK CMA

WOULDREDUCE THE RADIATION LEv!iL TO ABOUT 1/5000 CMA OR DOWN

TO A LEVEL COMPLETELYSAFE CMA IN EVEN THE MOST HEAVILY CONTAMINATED

AREA.PD DESIGRS OF SHELTERS OF SIMPLE YET EFFECTIVE CONSTRUCTION

HAVE BEEN PREPARED BY TH1 CIVIL DEFENSE ADMINISTRATIONAND ARE

AVAIkABLE TO THE PUBLIC PD

MAY

END

270 RADIOACTIVE MATERIAL DEPOSITED DURING FALLOUT MAY OR

NOT BE VISIBLE BUT WOULD BE REVEALED BY RADIATION

PAGE 8

PAGE 9

DETECTION INSTRUMENTS SUCH AS GEIGER COUhTERS PD ANY FALLING

DUST OR ASH THAT CAN BE SEEN DOWN-lJ)INDWITHIN A FEW HOURS AFTER

A NUCLEAR EXPLOSION SHOULD BE REGARDED AS RADIOACTIVE UNTIL

MEASUREDBY A RADIATION DETECTIOt! INSTRUNETiT AND FOUND TO BE

HARMLESS PD
NYoO

28. CARE SHOULD BE TAKEN TO AVOID THE USE OF SOLID FOODS

OR LIQUIDS THAT MAY CONTAI}! FALLOUT PARTICLES PD

.- J
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I 29. IF FALLOUT PARTICLES COME INTO CONTACT WITH THE SKIN

CMA HAIR OR CLOTHING CMA PROMPT DECONTAMINATION PRECAUTIONS

sUCH AS HAVE EIEIJ OUTLINED BY THE FEDERAL CIVIL DEFENSE AD-

MINISTRATION k’ILL GREATLY REDUCE THE DANGER PD THESE INCLUDE SUCH

SIMPLE MEASURES AS THOROUGHBATHING OF EXPOSED PARTS OF THE BODY

AND A CHANGEOF CLOTHING PD

30. IF PERSONS IN A HEAVY FALLOUT AREA HEEDED WARNING OR

NOTIFICATION OF AN ATTACK AND EVACUATED THE AREA OR AVAILZD

THEYSELVES OF ADEQUATEPROTECTIVE MEASURES CMA THE PERCENTAGE

OF FATALITIES VOULD BE GREATLY REDUCED EVEN IN THE ZONE OF

HEAVIEST FALLOUT PD

FALLOUT FRO}! NEVADA TESTS

NYOO
310 ONLY RELATIVELY SMALL NUCLEAR TEST ExPLOSIONS ARE

CO!JDUCTID AT THE NEVADA TEST SITE CMA IN CONTRAST TO THE TESTS

OF HIGH-YIELD THERMONUCLEARDEVICES AT THE PACIFIC PROVING

GROUNDS PD IN NEVADA CMA AS wELL AS IN THE PACIFIC CMA ALL TESTS

ARE PLANNED FOR TIMES WHENFORECAST WEATHERCONDITIONS MINIMIZE

THE POSSIBILITY OF FALLOUT HAZARD PD METHODS OF FORECASTING

VEATHER PATTERNS IN THESE AREAS ARE IM~ROVING STEADILY PD HIGH

AIR BURSTS AT THE NEvADA TEST SITE HAVE PRODUCED NO SIGNIFICANT

FALLOUT SIMICLN HEAVY FALLOUT FROM NEAR-SURFACE EXPLOSIONS HAS

EXTENDED ONLY A FEW MILES FRON THE POINT OF BURST PD THE HAZARD

HAS BEEN SUCCESSFULLY CONFINED TO THE CONTROLLED AREA OF THE TIST

SITE PD TH1 HIGHEST ACTUAL DOSE OF RADIATION AT AN OFF-SITE

COHF2Jt:ITY HAS EEER lSTIKATED TO BE LESS THAI( ONE-THIRD OF THE

GREATEST AtiOUf(T OF RADIATION WHICH ATOMIC E1:EF!GYWORKERSARE

PERtfITTED TO RECEIVE EACH YEAR UtJDER THE ATOMIC ENERGY COM141S-

sION”S CONSERVATIVE SAFETY STANDARDS PD

. . .
I
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INTERNAL RADIATION EFFECTS I

32, SEVERAL BASIC FACTS SHOULD BE KEPT II;MIND IN EVALUATING
—.

THE HAZARD FROM FALLOUT RADIFTIOI: PD FIRST CMA RADIATION

END PAGE 9
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IS NOT A NEW PHENOMENONCREATED BY THE EXPLOSIONS OF FISSION AND

THERMONUCLEARUEAPONS PD SINCE THE BEGIN!:ING OF LIFE CNA LIVING

THINGS HAVE BEEN ExPOSED CONSTANTLYTO RADIATION FROM NATURAL

SOURCES PD COSKIC RAYS FROMSPACE CONSTANTLY PASS THROUGHOUR

BODIES PD WE ARE EXPOSED TO ‘BACKGROUND” RADIATION FROM RADIUM

AND RADON IN THE SOIL CMAWATER AND AIR PD OUR BODIES HAVE ALWAYS

CONTAINED NATURALLYRADIOACTIVE POTASSIUM AND CARBON PD

33. AS POINTED OUT EARLIER CMADETONATIONS OF ALL ATONIC

WEAPONS PRODUCE RADIOACTIVITY CMA A PORTION OF WHICH IS CARRIED

TO HIGH ALTITUDES AND OVER GREAT DISTANCES IN THE FORM OF FINE

PARTICLES PD THE PERCENTAGE OF THIS RADIOACTIVITY WHICH TRAVELS

BEYOND THE RELATIVELY NEAR AREA OF THE ExPLOSION DEPENDS

LARGELY ON THE CONDITIONS UNDER WHICH THE BOMB IS FIRED CMA THE

PERCENTAGE BEING HIGHER FOR IN-THE-AIR BURSTS WHERETHE FIRE-

BALL DOES NOT TOUCH THE EARTH-S SURFACE PD THE MOST WIDESPREAD

RADIOACTIVITY IS PRODUCED OF!LY BY THE LONGER-LIVED FISSION

PRODUCTS CMA SINCE THE RADIOACTIVITY OF THE SHORTER-LIVED

PRODUCTS DECAYS AND DISAPPEARS BEFORE THE PARTICLES COME DOWf!

TO EARTH IN A MATTER DAYS CttfI WEEKS CMA MONTHSC!fA AND EVEN

YZARS PD THE LONGER-LIVED RADIOACTIVE PRODUCTS MAY EE DISTRI-

BUTED OVER THE EI(TIRE EARTH pD HOWEVERCMA AS THE pART1CLES ARE

NYOO
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‘ CARRIED FARTHER AND FARTHER TO REMOTZAREAS CMATHE POSSIBILITY

OF SIGNIFICANT AMOUNTSOF FALLOUT DECREASES PD

RADIOSTRONTIUM FALLOUT

34. ONE OF THE MOST BIOLOGICALLY IMPORTANTRADIOACTIVE

SUBSTANCES FOUND IN FALLOUT IS STRONTIUM-SO PD IT HAS A LONG

LIFETIME--NEARLY 30 YEARS ON THE AVERAGE PD RADIOSTROIJTIUM HAS A

CHIMIC~L SIMILARITY TO CALCIUM AND CMA THEREFORE CMA WHENTAKEN

INTO THE BODY IT HAS A TENDENCY TO COLLECT IN THE BONES PD

RADIOSTRONTIUM CA}: INTER THE BODY IN TWOWAYS -- BY INHALING OR

BY SWALLOWING PO NORMALLY CMA THE AMOUNTINHALED WOULDBE SMALL

COMPAREDWITH THE AMOUNTOt:E MIGHT SWALLOWIPD FALLOUT MATERIAL

DEPOSITED DIRECTLY Otl EDIBLE PARTS OF PLANTS MAY BE EATEN ALONG

WITH THE PLANTS C14ABUT WASHING THE PLANTS BEFORE THEY ARE EATEN

VOULD REMOVEMOST OF THIS RADIOACTIVE MATERIAL PD HOWEVERCMA

RAINFALL CARRYING THE RADIOSTRONTIUM DOWNTO lARTH MAY DEPOSIT

IT IN THE SOIL WHEREIT CAN BE TAKEN UP CMA IN PART CMA BY PLANTS

AND INCORPORATEDINTO PLANT TISSUES CMA LATER TO BE EATEN BY

HUNANS OR BY GRAZING ANIMALS WHICH CMA IN TUR!! CMA PROVIDE FOOD

FOR HUMANSPD

NYOd
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35. SINCE THE START OF NUCLEAR TESTS CMA CAREFUL MEASURE-

MENTS HAVE BEEN MADE OF TH1 DISTRIBUTION OF RADIOSTRONTIUM OVER

THE EARTH-S SURFACE CMA IF! THE sOILS C).IA IN PLANTS AND ANIMAL

TISSUES CMA IN THE OCEANS CMA 11: RAIN CltA IN THE ATMOSPHEREAND

Iti ALL FORMS IN WHICH IT MIGHT BE EXPECTED TO OCCUR PD THE

RESULTS OF THIS STUDY ARE REASSURING PD THE AMOUNTOF RAEIOSTRONTIUM

NOW PRESENT IN THE SOIL AS A RESULT OF ALL NUCLEAR EXPLOSIONS

TO DATE WOULDHAV1 TO BE INCREASED MANYTHOUSAND TIKES BEFORE

ANY EFFECT ON HUMANSWOULDBE NOTICEABLE PD

RADIOIODINE FALLOUT

36. AMONG THE SHORTER-LIVID FISSION PRODUCTS INVOLVED IN

THE STUDY Or INTERNAL RADIATION CFiA THE BIOLOGICALLY IMPORTANT

RADIOIODINE-i31 lJITH AN AVERAGE LIFE OF ONLY 11.5 DAYS PD EVEN

THOUGHTHIS PRODUCT MAY BE WIDELY SPREAD AFTER A NUCLEAR ExPLOSION

CMA THE POSSIBILITY OF ‘SERIOUS HAZARD IS LIMITED BY ITS RELATIVELY

SHORT LIFE PD LIKE THE NON-RADIOACTIVE FORM OF THE ELEMENT CNA

IT CONCENTRATESIN THE THYROID GLAND AND CMA IN EXCESSIVE QUAIJTITY

ChiA CONCEIVAELY COULD DAMAGETHE THYROID CELLS PD

NYoo

37. SCIENTISTS OF THE ATOKIC E!:ERGY CO1;HISSION HAVE

ESTIMATED THAT THE AVERAGE EXPOSURE OF PEOPLE Ih’ THE Uh!ITED

STATES FRON RADIOIODINE IN THE FALLOUT FROifl THE-ENTIRE SERIES

OF TESTS IN THE SPRING OF 1954 WAS O):LY A FEW PERCENT OF THE

A)!KUAL DOSE THAT CAF: BE RECEIVED YER+ AFTER YEAR’ AND,STILL HAVE
_l



I
NU NOTICEABLE EFFECTS PD I

38. THESE TWO ISOTOPES -- RADIOSTRONTIUt4 AND RADIO-

IODINE -- CONSTITUTE THE PRINCIPAL INTICRh’ALHAZARDS FROM THE

RADIOACTIVITIES PRODUCEE BY THE DITO};ATIO1:S OF ATOtfIC WEAPOi(S

CMt4 BOTH FISSION AND THERMONUCLEARPi) THE ATONIC EK.ERGYCOMFfISSIOti

HAS BEEN ENGAGED FOR THIfEE YEARS IN A BROAD STUDY OF THE RADIO-

ACTIVE FORMS OF THESE ISOTOPES AF!DCONDUCTS YEAR-ROLlt;D MONITORING

OF THESE RADIOACTIVITIES IN MANYLOCATIONS PD ANY ACCUMULATIONOF

THESE MATERIALS CAN BE DETECTED WITH GREAT SENSITIVITY SO THAT

ANPLE WARNING OF POTENTIAL HAZARD COULD BE GIVEN LONG BEFORE ANY

ACTUAL DANGER OCCURREDFROM TEST DETONATIONS PD THE AMOUNTS OF

RADIOSTRONTIUM AND RADIOIODINE WHICH HAVE FALLEN OUTSIDE THE

AREAS NEAR THE TEST SITES AS A RESULT OF ALL ATONIC TESTS UP TO

NOW ARE INSIGNIFICANT CONPAREDTO CONCEKTRATIONSTHAT WOULD

BE CONSIDERED HAZARDOUS TO HEALTH PD

PAGE 12

GENETIC EFFECTS OF RADIAT+ON

NYOO

39. ONE OTHER EFFECT OF RADIATIOF! MUST BE CONSIDERED IN

EVALUATIh!G THE LONG-RANGE POSSIBILITIES OF HAZARD FROM NUCLEA2

DETONATIONS PD THIS IS THE POSSIBLE GEb!ETIC EFFECT UPOfJ THE GERPi

CELLS WHICH TRANSMIT INHERITZD CHARACTERISTICS FRO!: OkE GENERATION

-1
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TO ANOTHER PD AT OUR PRESENT STAGE OF’ GENETIC KNOWLEDGECMA THERE

IS A RATHER WIDE RANGE OF ADMISSIBLE OPINION ON THIS SUBJECT PD

40. IN GENERAL CMA THE TOTAL AMOUNTOF RADIATION RECEIVED

BY RESIDENTS OF THE UNITED STATES FROM ALL NUCLEAR DETONATIONS TO

DATE CMA INCLUDING THE RUSSIAN AND BRITISH TESTS A):D ALL OF OUR

Ok’N TESTS IN THE UNITED STATES AND THE PACIFIC CMA HAS BEEN ABOUT

ONE-TENTH OF ONE ROENTGEN PD THIS IS ONLY ABOUT l/100TH OF THE AVERAGE

RADIATION ExPOslJRE INEvITABLY RECEIVED FROM NATURAL CAUSES BY A

PERSON DURING HIS OR HER REPRODUCTIVE LIFETIME PD IT IS ABOUT

THE SAME AS THE EXPOSURE RECEIVED FROM ONE CHEST X-RAY Pi)

’41* THE MEDICAL AND BIOLOGICAL ADVISERS OF THE ATOMIC

ENERGY COMMISSION BELIEVE THAT THE SMALL AMOUNTOF ADDITIONAL

EXPOSURE OF THE GENERAL POPULATION OF THE U}!ITED STATES FROM OUR

NUCLEAR WEAPONS TESTING PROGRAMWILL NOT SER1OUSLY AFFECT THE

GENETIC CONsTITIJTION OF HUMANBEINGs PD NEVERTHELESS CtfA WE ARE

CONTINUING OUR THOROUGH STUDY OF THE ENTIRE QUESTION AND WILL

CONTINUE TO REPORT OUR FINDINGS TO THE AMERICANPEOPLE PD

SUMMARY

42. THE ATOMIC ENERGY COMMISSION HOPES THAT THE INFORMATION

ON NUCLEAR WEAPONS EFFECTS CONTAINED IN THE FOREGOING REPORT WILL

NICVERBE REFLECTED IN HUMANExPERIENCE AS THE RESULT OF WAR PD

HOWEVERCMA UNTIL THE POSSIBILITY OF AN ATOMIC ATTACK IS ELIMINATED

EY A WORKABLEINTERNATIONAL PLAN FOR GENERAL DISARMAMENTCMA THE

STUDY AND EVALUATION OF WEAPONS EFFECTS AND CIVIL DEFENSE PROTECTION/

MEASURES MUST BE A NECESSARY DUTY OF OUR GOVERNMENTPD

NYod

43. INEvITABLY CMA A CERTAIN ELEblEh!T OF RISK IS INVOLVED

11{ THE TESTING OF NUCLEAR WEAPONS CMA JUST AS THERE IS SOME RISK

IN Y.M!UFACTUI?INGCONVENTIONAL EXPLOSIVES OR IN TRA:JSPORTING

I
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INFLAMMABLE SUBSTANCES SUCH AS OIL Of/ GASOLINE ON On sTR~ETs

AND HIGHWAYSPD THE DEGREE OF RISK MUST BE BALANCED AGAINsT THE

GREAT IMPORTANCEOF THE TEST PROGRAMSTO THE SECURITY OF

END OF PAGE TWELVE

~AGE THIRTEEN

THE NATION AND OF THE FREE WORLDPD HOWEVERCMA THE DEGREE OF

HAZARDCAN BE EVALUATED WITH CONSIDERABLE ACCURACY AND TEST
,,

CONDITIONS CAN BE COt~TROLLEDTO HOLD IT TO A MINIMUM PD NONE OF

T!-lE EXTENSIVE DATA COLLECTED FROM ALL TESTS SHOWS THAT RESIDUAL

RADIOACTIVITY IS BEING CONCENTRATEDIti DANGEROUS AMOUNTS
/

ANYWHEREIN THE WORLDOUTSIDE THE TESTING AREAS PD
I

440 IN THE EVENT OF WAR INVOLVING THE USE OF ATOMIC

WEAPONS CMA THE FALLOUT FROM LARGE NUCLEAR BOMBS EXPLODED ON

OR NEAR THE SURFACE WOULDCREATE SERIOUS HAZARDS TO CIVILIAN

POPULATIONS IN LARGE AREAs OUTSIDE THE TARGET ZONES PD HOWEVER

CMA AS MENTIONED IN THE FOREGOING REPORT CMA THERE ARE MANY

SIMPLE AND HIGHLY EFFECTIVE PRECAUTIONARY MEASURES WHICH MUST E

B?
TAKEN BY INDIVIDUALS TO REDUCE CAUSALITIESTO A MIMIMUM OUTSID THE

B
IMMEDIATE AREA OF COMPLETE OR NEAR-COMPLETE

-,

DESTRUCTION BY BLAST AND HEAT PD MANY OF THESE PROTECTIVE MEAyURES
3

CMASUCH AS SHELTER AND DECONTAMINATION PROCEDURES CMA HAVE B~EN

DETAILED BY THE FEDERAL CIVIL DEFENSE ADMINISTRATIONPD
..
w
m

END AEC 1208 NYo()

NEN NOW HAVE CLRS K

KAY I SEl~D

GA PLS


